Abstract. Biodiesel is a renewable biofuel that has been studied as a possible successor to conventional diesel. Currently, biodiesel is predominantly produced on a commercial scale by means of methyl transesterification via basic catalysis. This production route provides high conversions, however, the alkaline catalyst in the presence of free fatty acids provides the formation of soaps, making it difficult to separate and purify the products, thus making the process more expensive. In this way, studies have been developed with the purpose of replacing conventional basic catalysis with production routes that reduce the formation of by-products and that are simultaneously economically, technically and environmentally viable. According to studies, one of the possible routes with substitution potential is heterogeneous acid catalysis. The objective of this work was to carry out a preliminary analysis with the purpose of verifying the possibility of producing biodiesel through heterogeneous superacid catalysis using niobium oxide supported in gamma alumina as catalysts. Two methods of preparation of the catalysts were evaluated, impregnated and co-precipitate. The catalyst masses were varied in 1%, 2%, 3%, 4%, 5% and 6% in order to find the optimum concentration. The transesterification reaction was conducted at a temperature of 65 ° C with an oil/methanol molar ratio of 1:12 and a reaction time of 5 hours. The results demonstrate that the occurrence of the transesterification reaction. The optimum concentration for both catalysts was 5% and the catalyst that presented the highest conversion was the catalyst obtained by the co-precipitation method.
Introduction
Biodiesel is a biofuel that has been studied as a partial or total successor to diesel oil. Biodiesel can be obtained from vegetable oils or animal fats. Currently, biodiesel produced predominantly on a commercial scale is by means of methyl transesterification via alkaline catalysis [1] . The basic catalysis in the production of biodiesel often uses the catalysts sodium hydroxide or potassium hydroxide [2] . One of the advantages that this route presents is the high conversions, of approximately 96 to 98% and a relatively short reaction time, about one hour. However, the presence of free fatty acids in the reaction medium provides the formation of soap, which in turn makes it difficult to separate and purify the products. Studies have been developed with the purpose of replacing conventional basic catalysis with production routes that reduce the formation of by-products and are both economically, technically and environmentally viable [3] .
Heterogeneous superacid catalysts have been shown to be possible successors of conventional catalysis in the biodiesel production process. They may exhibit higher acid strength than sulfuric acid (H2SO4) which is often used in the process of pretreating the feedstock in the conventional process. They are active both in the esterification phase and in the transesterification phase. They present greater selectivity and less reaction time when compared to homogeneous acid catalysis. It favors the production of purest products. It facilitates the production process and the catalysts can be recovered and reused [4] .
The catalyst used in the preliminary analysis was niobium oxide supported on gamma alumina. Niobium oxide presents strong acid sites and abundance in Brazil, possessing approximately 90% of the exploitable world reserves [5] . The alumina range as support presents excellent thermal, mechanical and hydrothermal resistance, its use as support increases the dispersion of the active phase, resulting in a greater exposure of the active sites. Another relevant point is the low cost of both elements used.
The purpose of this work was to perform a preliminary analysis to verify the occurrence of the transesterification reaction, which methods used in the production of the catalysts provided higher conversions (impregnated or co-precipitated) and the optimum catalyst concentration. With the objective of demonstrating that the supported niobium catalyst in gamma alumina is a possible route to be studied in future works that seek to develop new biodiesel production routes
Materials and Methods

Preparation of Heterogeneous Superacid Catalysts
The catalysts studied were prepared by two different methodologies, one being the impregnation and the other the coprecipitation. In both methodologies the niobium / aluminum mass proportions were preserved, according to [6] .
Preparation of Catalysts by Impregnation. A solution of niobium ammoniacal oxalate diluted in water until saturated in a beaker containing gamma alumina. The mixture was then transferred to rotary evaporator over a 24-hour period to concentrate the Al(OH) 3 solution and the niobium compound, also recovering the solvents, in this case water and some of the ammonia present in the solution. At the end of the evaporation process, the slurry formed was scraped from the inner walls of the flask and inserted into a porcelain dish for the calcination process for 1 hour and 50 minutes at a temperature of 450 ° C. After calcining, the catalyst was macerated, in order to obtain a granulometric measurement of 0.65 to 0.80 millimeters. The catalysts were then compacted using a manual pellet and stored in an inert environment.
Preparation of the Catalysts by Coprecipitation. A saturated solution of sodium hydroxide containing ammonium oxalate of niobium and another solution of aluminum sulphate was prepared. The solutions were added simultaneously in a beaker. The mixture was stirred, filtered and washed five times. The solid trapped in the filter was calcined for 1 hour and 50 minutes at 450Â ° C. The catalyst was macerated until reaching the granulometry of 0.65 to 0.80 millimeters. They were packed and stored in an inert environment.
Transesterification Reactions
The transesterification reactions were carried out in a PARR reactor. This reactor is often used in batch or semi-continuous catalytic micro tests, operating at pressures up to 100 bars, with agitation, temperature and pressure control systems. Reactions were performed using a 12: 1 methanol / oil molar ratio, fixed temperature of 65Øc, stirring at 700 rpm and a reaction time of 5 hours. For the catalysts obtained by the impregnation method as well as for the catalysts obtained by the coprecipitation method the mass percentages of catalyst were varied in 1%, 2%, 3%, 4%, 5% and 6% with respect to the mass of the oil. Soybean oil was used as the raw material.
Glycerol Analysis -A titration Method for Analysis of the Free Glycerol Content
The content of free glycerol in the permeate was determined by the methodology developed by Gomes (2008) based on the official AOCS method for the analysis of free glycerol in oils and fats, suggested by Dantas (2006). The titration method was based on the reaction of glycerin in aqueous medium with excess sodium periodate, producing formaldehyde, formic acid and iodic acid. The iodometric determination was carried out with the addition of potassium iodide to react with excess sodium periodate and with the formed iodic acid. The indicator used at completion was a starch solution. The periodate method provided the determination of glycerol in oils and fats with speed, accuracy and low cost when compared to chromatographic methods [7, 8, 9, 10] .
Characterization of Catalysts
The surface acidity of the catalysts was studied by the acid/base reaction with sodium hydroxide (NaOH) and hydrochloric acid (HCl). For this, 100 mg of the catalyst was weighed and 20 Ml of 0.01 mol L -1 NaOH was added, leaving constant under constant stirring at a speed of 100 rpm for 180 minutes. After this time, titration was performed with HCl 0.01 mol L -1 . This study was performed in triplicate for each catalyst.
Results and Discussion
After the catalysts were produced, the reactions of transesterification were carried out, varying the percentages of catalyst. At the end of the reactions it was possible to observe the formation of two phases. The lower phase is more viscous and dark, possibly being glycerol and the upper phase less viscous, possibly being biodiesel. The results are shown in figure 1 .
With the glycerol analysis by the titration method it was possible to prove the occurrence of the transesterification reaction and to obtain the percentage of glycerol present in the samples of the products obtained from the transesterification reaction.
As shown in figure 1 , both the impregnated and the coprecipitated catalyst, the optimum percentage of catalyst mass with respect to the mass of oil was 5%. Comparing the two curves, it was observed that the co-precipitated catalyst showed better conversion when compared to the impregnated catalyst.
After checking the optimum concentration of each catalyst, the acidity of the surface of these catalysts was analyzed by means of the acid-base reaction, identifying the acidity of the impregnated and co-precipitated catalyst, as shown in table 3. According to data obtained in [6] . The results obtained and presented in table 3 show that the impregnated catalyst presented higher surface acidity. However, the co-precipitated catalyst presented higher conversion. In future work, it is necessary to analyze TPD of NH3 in order to verify more precisely which of the two catalysts has the highest surface acidity. Since the characterization of the surface acidity of solids is a complex analysis that requires different techniques that qualify to quantify and qualify them [11] .
Among the hypotheses that may have led to these results: during the analyzes the amount of H + dissociated from the impregnated catalyst may have been higher than that of the coprecipitate, thus leading to a higher concentration; the impregnated catalyst has a higher acidity; however, the co-precipitated catalyst has a larger surface area, thus ensuring greater conversion. In future work, it is necessary to perform a scanning microscopy that aims to produce high resolution images of the surface of the catalysts, being useful to evaluate the structure of these catalysts. And, in this way, try to verify if our hypotheses raised, in this work, have relevance.
Conclusion
It can be concluded that the niobium catalyst supported in alumina provides the conversion of soybean oil, used as raw material, into biodiesel. The optimum concentration of catalyst for both cases, impregnated and coprecipitated was 5% using an oil / methanol molar ratio of 1:12, temperature and reaction time of 65 ° C and 5h respectively. The catalyst that provided the highest conversion was the catalyst prepared by the coprecipitation method. Therefore, the preliminary analysis allowed to demonstrate that the niobium catalyst supported in alumina is a possible route to be studied in future works that seek to develop alternative methods of biodiesel production in relation to the conventional method.
